• The UK has seen a 1°C temperature increase since 1970 (UKCP09, n.d).
• In the last 15 years London experienced the four hottest years on record, with 2006 exhibiting the highest temperatures in 350 years (UKCP09, n.d).
• When a prolonged heat wave hit the country in 2003, England and Wales suffered 2000 heatrelated deaths (an increase of 16%) (UKCP09, n.d), with the greatest impact in London (Beizaee, 2013 ).
The discernible drop in temperature during the past few winters in the UK can be considered as further evidence of climate change. Global warming has caused record thawing of arctic sea ice, which in turn impacts on air and wind patterns worldwide. Instead of the milder Atlantic conditions usually experienced, atmospheric changes have caused a flow of cold Arctic weather to reach the UK (Ritter, 2013) . It is likely that London will continue to see similarly cold and variable winters over the next few years, as a result of climate change induced ice melting (Huffington Post, 2013) . Long-term however, London's year round climate is predicted to rise by 2062, with warmer, drier summers, milder, wetter winters, and more extreme winds and rainfall (UKCP09, n.d). While increases in temperature will be incremental, the actual impact on the natural and built environment is expected to be significant.
It is likely that London will experience more extreme weather conditions, such as flooding, heat waves and droughts, the latter of which may increase the incidence of subsidence (Shaw et al, 2007) . Although the level of annual rainfall is not predicted to vary significantly, it is the distribution of rain which will become problematic, with more rain falling in winter (possibly up to a third more by 2062) and nearly equivalent decreases in summer. Temperatures in London in 2062 are also expected to rise by around 3-4°C in the summer and 2.5-3°C in winter (UKCP09, n.d). As such, CO 2 emissions from space heating might decrease, but this is unlikely to cancel out the predicted increases in cooling energy during the summer.
Indeed, CO 2 emissions from summer cooling are likely to increase significantly, exacerbating global warming, local air pollution and the Urban Heat Island effect in cities. Within these conditions, ill adapted buildings will struggle to provide the necessary thermal comfort, leading to heat-related deaths and illness, especially among the elderly and vulnerable. Prolonged temperatures over 35°C could also cause road surfaces to melt and other urban infrastructures to fail (UKCP09, n.d). Figure 1 illustrates this impact, where summer air temperatures in London might resemble Marseille's by 2080, but without the benefit of extra sun hours in winter.
Although these predicted weather conditions will be new to London, similar climatic conditions can be witnessed elsewhere around the world, and as such, provide us with existing strategies to prepare accordingly. Mediterranean cities can teach London how to adapt buildings to cope with increased summer temperatures, while cities in the Netherlands, a country with more than 50% of its landmass below sea level, demonstrate how it might be possible to work with water, rather than against it to prevent flooding.
So what is the best way to combine mitigation strategies, while simultaneously building in adaptation measures to ensure our built environment continues to perform in a changing climate?
Adapting our cities for the future
The fact that we are operating in a changing climate can no longer be ignored. If London's buildings and infrastructure are not designed or adapted to cope, then temperature related health issues and flood damage will become significant problems (DEFRA, 2012) . As set out below, it is critical that adaptation strategies are implemented early to prevent buildings from overheating and to safeguard occupants and property from floodwaters.
Insulation and airtightness
High fabric energy efficiency in the form of increased insulation and airtightness are key measures in the current climate for a sustainable built future, generally resulting in reduced space heat demand, increased thermal comfort and reduced fuel poverty. Despite the long-term prediction of increasingly mild winters, even super-insulated buildings will continue to require some winter space heating. In addition to helping to retain this heat, good insulation also buffers the internal environment from the external elements, whether cold or hot. So insulating in a warming (Pelsmakers, 2012) .
climate generally still makes sense, and provides future-proofing according to short-term and long-term scenarios.
Overheating prevention: building scale
The prevention of overheating is important at both citywide and building levels, particularly as increased heat-related deaths occur even in relatively low external temperatures of around 19°C (Beizaee et al, 2013) . However, it is not the increased temperatures per se that are dangerous, after all, there are many countries with far hotter climates. It is the irregularities in temperature, and the intensity and duration that people in the UK are unaccustomed to (Kalkstein, 2000; Vandentorren et al, 2006) . Furthermore, UK buildings are often so ill adapted that indoor air temperatures can actually exceed those externally. This generates dangerous living conditions for those at risk, as internal temperatures above 35°C increase cardiovascular stress and the danger of respiratory diseases, especially in areas where local air pollution is high (Hacker et al, 2005) .
The external temperature thresholds defined by the MetOffice for severe hot weather warnings are outlined as 32°C in the daytime and 18°C at night (Gething & Puckett, 2013) . Research has shown that even in mild summers recommended summer comfort temperatures and overheating thresholds (26°C in bedrooms; 28°C in living rooms, offices and schools (CIBSE 2005; ) are already being exceeded by more than 1% of occupied houses studied in London and the South East, particularly in newer constructions (Beizaee et al, 2013) . To prevent such risks, measures need to be incorporated into new building designs now, to ensure that internal temperatures can be maintained at a healthy, comfortable level for occupants, today and in the future. Overheating is not caused by super-insulating buildings, but usually through a combination of high internal heat gains, a lack of summer solar shading, and ill designed or absent night ventilation in well insulated buildings. Incorporating external solar shading, combined with sliding or inward opening windows to allow good natural ventilation (as illustrated in Figure 2 ) are crucial adaptation strategies in both new build and refurbished building designs to prevent overheating.
In some cases however, the addition of external shading can cause significant structural difficulties when retrofitting, so planners may encourage less effective internal shading methods instead. Other good low energy practices, such as the specification of energy efficient appliances and the reduction of artificial lighting through good day-lighting design, can also help reduce unwanted internal summer heat gains. Additionally, as in Mediterranean traditions, taller floor to ceiling heights (greater than 2.7 metres) are useful for allowing the natural stratification of hot summer air to rise well above head height.
The presence of thermal mass in buildings can provide summer cooling of 3-5°C, generating significant decreases in summer cooling energy demand (Hacker et al, 2008) . This is only possible however, if secure night cooling is implemented to release built-up heat from the daytime, as failure to do so may cause overheating. When refurbishing, covering up solid walls with insulation can significantly decrease the available thermal mass of existing buildings and therefore, internal wall insulation upgrades need to be carefully considered to ensure continued summer thermal comfort in a warming climate.
If buildings are ill adapted to extreme temperatures, occupants may resort to the ad hoc installation of air conditioning units, generating significant increases in a building's typical operational energy use (Hacker et al, 2005) . Air conditioning units also operate by 'dumping' excess heat outside the building, which only serves to augment external temperatures and exacerbate the Urban Heat Island effect (Tremeac et al, 2012; Vardoulakis & Heaviside, 2012) , and should therefore be avoided. Instead, future buildings must be designed to promote lower energy consumption through the use of natural ventilation and 'adaptive comfort' measures, such as the occupants' ability to adapt their clothing and manipulate windows and shutters for thermal comfort. While internal temperatures will never be as low as actively air conditioned buildings, designing a naturally managed building is about tempering the external environment within acceptable limits based on occupant control, which has been found to increase occupant satisfaction. It is the perceived difference between internal and external conditions that has been found to be more important than the actual temperatures achieved. In fact, air conditioned buildings have been associated with decreased occupant wellbeing (Steemers & Manchanda, 2010) .
Overheating prevention: London scale
Due to the Urban Heat Island effect, the impact of climate change is noticeably amplified within cities. The Urban Heat Island effect is generated by a combination of human activity, a lack of green spaces, plus the dark, thermally massive surfaces which constitute our cities. This results in an approximate rise in temperature of around 4-5°C in urban areas compared to the surrounding countryside.
At a city scale, heat build up can be prevented by introducing more green spaces throughout urban areas, particularly those that include 'water squares' . The larger the green space, the greater its tempering effect. This effect can be felt within spaces as small as 10m diameter and on average, park areas tend to remain 2-3°C cooler than surrounding streets (Graves et al, 2001) . Vegetation also provides some relief from the sun, reducing the elevated risk of skin cancer caused by prolonged exposure outdoors (DEFRA, 2012; Vardoulakis & Heaviside, 2012) .
Implementing light, reflective external surfaces helps generate an 'urban cooling' effect by reducing the surface temperature of a building or infrastructure by around 10-20°C (Erell et al, 2011; Santamouris & Asimakopoulos, 2001; Ward, 2004) , as illustrated in Figure 3 . An example of such adaptive measures can be seen in the specification of road surfaces in the UK, which have already been modified to ensure the materials can withstand greater temperatures and allow for increased drainage capacity following feedback from previous heat waves and flood events (DEFRA, 2012).
Flood prevention: London scale
There are around 2.5 million dwellings at risk of flooding in England and Wales (Carrington & Salvidge, 2007; DCLG, n.d) . In England, 11% of dwellings are built in flood risk areas, most of city's material built up at the top and a resilient city's built up below (Pelsmakers, 2012) .
which (around 850,000 properties) are in London. This means that up to 25% of homes in London are in danger, the majority of which at risk of river-flood damage, especially in the boroughs of Southwark, Hammersmith and Fulham, Wandsworth and Newham (Carrington & Salvidge, 2007) . Richmond Upon Thames holds the largest number of properties in the 'highest risk' category, but all London boroughs are at an increased risk of flash floods, due to the abundance of hard surfaces in the city combined with increased downpours and low capacity urban drainage systems (Carrington & Salvidge, 2007) . Projected changes in climate are only likely to increase the risk of flooding, as global warming will continue to alter the intensity, duration and distribution of rainfall, resulting in more urban, and flash, flooding (ABI, n.d(a); n.d(b)). Furthermore, while risks are increasing, flood defence cutbacks threaten to make home insurance unaffordable for many Carrington & Salvidge, 2007) .
Flooding is not only disruptive at an operational level, causing problems for the London Underground system and ground floor infrastructure, sewage and clean water supply of the capital, but it has health implications for the public (Vardoulakis & Heaviside, 2012) . Water as shallow as 15cm deep can be threatening to those at risk, particularly the elderly or young, with mortality rates highest in flash floods (Vardoulakis & Heaviside, 2012) .
In order to future-proof our cities against these challenges, it is important to learn how to work with water, rather than against it. This includes undertaking flood risk assessments, allowing a minimum of 5% space for water storage on a site and the provision of efficient water flow channels (DCLG, 2006) . Furthermore, green spaces, water squares and increased permeable surfaces can also help, for they not only reduce local summer air temperatures, but collect rainwater and aid water run off. This can reduce localised flash flood risk and acts as an amenity for city dwellers.
Flood prevention: building scale
To prevent the threatening consequences of flooding, such as loss of property, injury, disease and even death, it is vital that building adaptations are designed as an integral element of future citywide protections (DEFRA, 2012) . At a building scale, considerations must be made for zoning, structural adaptations, and even the use of different typologies (illustrated in Figure 4 ), such as sacrificial ground floors, buildings on stilts, or floating buildings. Most existing structures can be 'wet-proofed' , which means they are designed with possible future flooding in mind and result in only minimal damage to the property should this happen. This can be achieved through the use of water resistant materials for floors, walls and fixtures, and the siting of electrical controls, cables and appliances at greater than one metre height (DCLG, 2007) .
Climate change adaptation is a necessity, not a luxury
Whatever the future holds, we cannot afford to be complacent -especially when considering these measures and many more can easily be incorporated into current design procedures as part of good new build and refurbishment practice.
Some measures can be implemented later, while others need to be effected immediately. For instance with new build, careful site planning and consideration for the orientation of a building must happen now, as with the specification of a well insulated building fabric and inward opening windows. However, intensive green or brown roofs could be implemented in the future, to reduce water run off and aid 'urban cooling' so long as the additional structural impact is taken into account and fixings are incorporated into the initial designs to make future adaptations easy and feasible.
Neglecting to future-proof our buildings will only result in a city ill adapted to the future needs of our society within a changing local and global environment. Buildings will fail to function effectively under extreme weather conditions leading to increased, wasteful energy use, and exacerbating the effects of global warming. At worst, the inability of our built environment to cater to the demands of its inhabitants might simply result in a stock of obsolete, unhealthy buildings unfit for purpose.
Designing for climate change adaptation on the other hand is guaranteed to increase building lifespan and help protect occupants from the detrimental effects of global warming, while also reducing the necessity for costly and carbon intensive interventions in years to come. Furthermore, there are other beneficial side effects to many adaptation measures, such as increased occupant satisfaction and wellbeing, and the support of London's declining wildlife through increased green spaces and trees (RSPB, 2013) . (Pelsmakers, 2012) .
